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ABSTRACT 

The hypothesis that there exists a strong linear 
relation between reference service and library use nas strongly 
supported by data frosi WortherTi Illinois University Library, Hourly 
counts of people using the refereiice rooin^ total number of direction 
asd location questions asked, and total nuiber of reference gueations 
asked were ranaomly saiBplea. legression analysis tests of the 
relationships betveen the total niimber of guestlona asked and room 
use, refetfence guestioas and room use^ aiia directioii questions ana 
rcoa use all shoirea significant linear relationships, library ase 
patterns mighty therefore, be useful in planning reference serFica 
staffing, (KB} 



* Docuaents acquired by ElIC include many informal unpublishea * 

* Baterlals net aTalla&le from other sources. EIIC makes eTtry effort * 
^ to obtain the best copy available* HeTerthaless, iteas of marginal * 

* raproaacibility are often encounterea and this affects the quality * 

* of the microfiche and haracopy re proaucticns ESIC makes aTailablt * 

* iria the llIC Document leproduction Service (EDRS). EDRS is not * 

* reapon^ibl© for the guality of the origittal docttfient. Seproaucttons * 

* suppl^ea by EDSS are the best that can be aade from the original, * 
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The attempt to measure refererice service has 
been a highly debated topic in recent years. This debate 
has centered more around the issue of Mhether reference 
servioe should or even could be quantified ^ and less 
around the actual findings of any quantitative studies. 
The following study attempts to understand reference 
services by using strict statistical analyses of the 
relationship between total library use and these services. 

Most of the reported discussion on reference 
nieaswement has emphasized the evaluation of past 
activities and performance. The position generally takepi 
is on® of a quantitative defense of the value of a 
ff'sference service or aome other interpretation of past 
perf ormaTice . This attitude contrasts marlcsdly with a 
peretived need reported in R£ iitider a "Symposium on 
Measurement of Reference" in which it was found that "the 
numbisr pufi need for statistical informatidn o«ntered 
®n information for staffing patterms inclu(d£ng peak and 
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idle periods, subject specializatic^n and non-d«®k time." 
The literature on reference measurement do/es not appear 
to addpftss the crucial question of anticipating or 
pr@dicting when peak and idle periods oeeuir. 

This study seeks to determine if ^ny meaningful 
variahles exist by which reference service patterns can 
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be measyx:^ed and predicted. Accordingly, it was decided 
to test the variable which would seem to have the most 
direct a^ffact on pefC'rence service, iiC, library, use^ 
The hypothasis ^as simply i there exists a significant 
linear regr-es'sion between reference service and library 
use* While many reference librarians may intuitively 
aooept this hypothesis » no evidence was found in the 
literature to suggest anyone has statistically tested 
such a hypothesis* 

METHODOLOGY 

SiMe the swrmw of 197 the Northern Illinois 
University Library has kept records on an hourly basis 
in the following categiories ^ Ca.) reference room use 
measured by counting the numbar of people usdng the 
reference room at a set time ©ach hourj Cb) the total 
number of directio^nal and locational questions asked | 

and Co) the total numbe^r of rafarence questions asked. 

\ 

The recording technique Im a Mdified version of one 
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employed at Cornell University « 

These tabulations ^ere all that was required for 
this atydyi but In order to 'have a more manageable 
study I these statistics were randomly saMpled. This 
sampling i^as eonfln^d to one day of the yeek> Monday ^ 
in order not to introduce another variable into the 

I* 
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study. It may be noted ^ however ^ that if a linear 
regreBslon exists on Mondays, it will likely exist through- 
out tha weak. Finally 5 beoause the reference room in 
which the reference desk is located in the Northern 
Illinois University Library is a major study area, th®. 
assumption was made that reference room use was indicative 
of total library use. 

After saiBpling, the first Step was merely to 
compile the data into a workable format. Calculating 
average© in each category and each hour based on the 
random sample aceomplished this requirement (see Table 1)^ 
The category "Total Number of Questions^' was derived by 
adding "Reference Questions'' and '^Direct ional-LocatlPnal 
Quastions" and raunding the sum. 

RESULTS 

The first test undertaken was the relationship 
betwaan the total number of questions asked and room 
use. A table calculating the necessary values for the 
regression equation was compiled (see Table 2)* 
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Table 1 
Averi^es for^ Each Hoj^ 

Mumb^ of Nunto^ ot Total 

Reference Directional-Locational Nwtoer of Individimls 
Hoiir Questions Questions Questions in Room 



8- 9 


.94 


2.66 


3.68 


5,81+ 


9-10 


2.63 


4.12 


6,75 


15.48 


lO-U 


2.63 


5,80 


8.34 


23.3tt 


11-12 


3.49 


S.74 


10,02 


21,08 


12- 1 


5,09 


7.60 


12. 0^ 


fin 


1- 2 


5.20 


8,06 


13.14 


27.20 


2- 3 


5.77 


7.49 


13.14 


31.40 


3- H 


5.23 


7.09 


12,42 


29.74 


U- K 


3.29 


6.49 


9,31 


16.71 


5- 6 


3,45 


4.32 


7.85 


13,73 


6-7 


3.66 


5.56 


9,05 


18.22 


7- 8 


5.20 


6.83 


12.00 


29,65 


8- 9 


4.51'- 


5,56 


9»68 


31,25 


9-10 


2.17 


4.61 


6.78 


27.64 
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Table 2 





Caieula, 


"tions 


for Regression 


Eduat ion. 






Total 
Questiions 


US€ 

y 




XV 




2 






3.68 


5.84 




21^43 




13.54 




31,11 


b,75 


15,48 








45,56 




239,63 


8.34 


23.34 




194.66 




69,56 




544.76 


10.-02 


21.03 




211.^2 




100.40 




444,37 


12.62 


21.80 




275.12 




159,26 




475.24 


13,14 


27,20 




375,40 




172,56 




739.84 


13.1tt 


31.40 




412,60 




172.66 




985,96 


12.42 


29,74 




3S9,37 




154.26 




884.47 


9.31 


16,70 




155,48 




86.68 




278.89 


7.85 


13.73 




107,78 




61,52 




188.51 


9,05 


18.22 




164.89 




81.90 




331,97 


12.00 


29,65 




355.80 




1144.00 




879.12 


9.58 


31.25 




302.50 




97,70 




, 976.56 


6,78 


22,64 




153.50 




45.97 




512,57 


Zx ^ 134.78 


ty- 308.07 




= 3204.30 




1401,77 




= 7513.00 



5 ^ 9*63 y ^ 22,01 



X 
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The r^^ession equation was then calculated using 
the following formula: 



where 



and 



bp = y - h^K 



Then subatituting: 



^ - 1*4 ' 3204. 3 - 13tt.78 ' 308.07 
^ 3.1^ • 1401,77 - (1314.78)2 



and 



22.01 - 2.29 . 9.63 = -.OH 



"thus 



^ s (*,0i4) + 2,29x 

Having calculated the regression equation as 
^ ~ 2.29k - .04, the regression must now be tested to 
determine if it is aignifieant, and thus a t test was 
performed. Two hypotheseB (Hp and H^) were formulated 
relative to the true slope, B^t (1) if there is no mean- 
ingful linear relationship, then = 0 (null 
hypothesis, Hq)| <2) if there is a linear relationships 
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^ 0 (alternative hypotheiis^ • Therefore * in the 
formula used to test tha null hypothesis with a .95 confi 
denoa interval and n - 2 degrees of freedom^ the null 
hypothesis can be rajeoted if [tj > 2,178 8 Ct^ji •025) » 
for the following I 
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n«2 J 2 -s- 



'Where s^^.y - "thm standard deviation for the regression, 
and where 



.y -J . 



-2 

- ny ) - bj^CECxy) - nxy) 



Substituta-ng 



n — - — — " 3.96 



Therefore 



v^l401.7? - 1298,31 
Since t = 5.87 is greater than 2,178 8, the null 

Jiypethesis can be rejected and a eignifieant linear 

relationship doeo €Hlst. 
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The previous tests demonstr^ate that a linear regression 
is statistiaally meaningful i however , to provide an indicaticn 
of the strength of the linear regreBsionj a Pearson Coef- 
ficient of Correlation (r) was calculated as follows i 

p g ntixy) - Ik » Ey 



Substituting 



IH ' 320t4,3 - (1314.78 • 3OB.07) 



CI'* • 1401.77 - (134.78)^3 . tlH . 7513 - (308.0^7)2] 
- ,86 

This ealeulation illustrates that a fairly strong 
linear regression does exist j nioreover, the eoeffieient of 
determination (r ) which describes the percent of variation 
in observed y values explained by the regression on x, is 
also calculated. The coefficient of determination <r^) ia 
strong as well, accounting for almost 75 perceijt of the 
variation. 

100 • r^ s e?<Plflined variation _ , . 
total variation ' 

In order to complete the analysis » the standard 
. error of the estimate (s ) was calculat«a, The s gives 
the size of the interval in which prediotions based on the 
linear yagreasion will fall. The formula is as follows; 

ERIC 10 , . 




where y* Is the -,stimated value for y using the regression 
equation. 

A table vas aonstructed fox^ this test (see Table 3?^ 
and from this table we could substitute for the above 
equation I 
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The same aeries of malyses was made for the 

relationship between (a) ^•Reference Questions" and *'Room 

Uses** and (b) Direct iona^^LDoational Questions" and "Room 

Use.*' In each analysis there was a significant linear 

relationship* The Referenee Question and Room Use 

regression showed a coefficient of correlation of r " .83 

and a coefficiant of determination of 100 * r ^ 68.32%. 

The Dlrectional-Locational Questions and Room Use regreesion 

had a coafficiant of correlation of t^v^ .7H and a coefficient 

2 

of determination of 100 • r - SU,76%. For complete 
calculations see Appendix 1 .and Appendix 2, It is worth 
noting that it appears that room use has a somewhat more 
dramatic influence on actual reference questions than on 
direotional-loaationai questions . 
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Table 3 

Values for* Standard Error of the Sstlmate FoTmula 



y y - y' (y - y*) 



5,84 


8,39 


-2.55 


6.50 


IS.UB 


15.42 


.OS 


.00 


23.34 


19.06 


4.28 


18.32 


21.08 


22-91 


-1.83 


3.35 


21.80 


28.86 


-7.06 


49.84 


27.20 


30.05 


-2.85 


8.12 


31.40 


30,05 


1,35 


1.82 


29.74 


28.itO 


1,34 


1.80 


16.70 


21.28 


-4,58' 


20.98 


13.73 


17.94 


-4,21 


17.72 


18.22 


20.58 


-2,46 


6.05 


29.65 


2Um 


2.21 


4.88 


31.25 


22.13 


9.12 


83.17 


22.64 


15.49 


7,15 


51.12 



I Cy. - y'. r ' 326,86 

isl 3- ^ 
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DISCUSSION OF RESULTS 

i 

Tiim s^uay clear^ly illus-Crstas that a sWong linaar*^ 
rag^asslon i^cista between library use and i*€f.trenct sewiee, 
Thtis ^ onm ia^faly assume tha^ #ls library uss deoyeaiaB, 
dtmnd fot* Perfe^mcse seipvioe will alsC d^Qpaaie, As 
no-ted .above } nian,y reference librarians may Intuitively 
reeogniz© -this r^fllationship , however, th« atrengtli of tjiis 
'reat-tienshi,p Iner-etofore has been wi-thout atatistieal ainalytls, 

Once -the s-trength of the regression has b^en 
ei-tabllih-td the jossible applieations^*©^ nuinerous. The 
impliQatloris for* s-caffing, and' scheduling ara most predoininan't* 
lor example I ref«pence service at Northern Illlnoia 
"Univepsit^r eeases eit 10 p.m. every night, Sunday throuiii 
•Thwaday, M in moBt libraries, the feeling is tlia-e l.ify.e 
if any re ieienee service is required after that time. 
Sowiver*, it was determined that the average Rooin lUs© aouJit 
JpE' 3.0 toxil p.in, was some 20,2 pePsons, By autati-eutini i 
enee agalfi into -the jT'igresaion equation, y s * b^x, 
©ne sart p»e^ict -the number of peference questiona whicli 
«fcfald be asRtd witlxin the range of the atandard error 
■the estimate, i.e., x+ js* J . Thvs 

10.2 » C-.oit') + 2,29 X 



IS 

Slne% tlie standai^d arrer of thm estiinatt |s^| fe^ tills 
pa^-Ciaular regresBlon is 5,22| one ean then pi^ediet that 
betW^e^n 3,62 and 14.08 questicns would be askad during the 
pmiod 10 p*m. to 11 p*m. If these figures are compared v^ith 
tHoSe tn Tahle l^ it will is noted that (1) even using 
fpM low^er limit of the above range, at least as niany 
^ueetions ^ill he asked as for the how 8 a.m. te 9 a.m. for 
^lii^h the library does staff the referenee deski <2) the 
p^int estlraate (x) of B^B^ eKoaeds the demand tow an 
additional four hours of staffed desk servlots a^d (3) the 
upper limit of 14.06 exceeds all ef the remaining hours. 

CONCLUSION 

In oi»der to develop a consistent staff Ing plan in 
tJie above instance > for example, some consideration ehoiild 
be given to either staffing between 10 p.ia, and 11 p.m. , 
net staffing between 8 a.m* and 9 a.ni., for at the very 
lea^t the demand will be equal. This same applicatien 
o^uld sasily apply te the other days of the week, thus 
giving librarians adinlnittrative information abotLt referenoe 
demand withottt ttaffing or sven observing tke refereroe desk. 

' The regression ^111 undoubtedly vary among 
lib»itriesi however, the application of suoh a procedure stay 
pm^i^rn librarians with an effective tool for determining 
eontistent and aost-effective staffing patterfis for library 
r^tf^i^enoii desks* % a 
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NOTES 

^Mariual D. Lepe^i ^'Acadeinla Reference Ssrviesi 
Measurement^ Cost^ and Value^" RQ 12| No, It 23^-2^2 
(Spring X973), 

Symposiuin on Measurament of Raferenae," R£ IH^ 
No^ If 8 (PaLl 19745. 

3 

Carolina T. Splaar*! "M€asu3?ing Raferenoe Sarvleti 
A Look at tha Ca^nell University Librarias Referenoa Question 
Raoording Syetemi'' Sookmark 31 ^ Mo. 3i 79-81 (Januar^^- 
Pebruary 1972 ) . 
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APPSNDIK X 

Regic»eBsion AnalysiB ?or' Referenet QueBtiont 
and ioom Use 



Reference l^oom 



Ques" ions 


V 


X7 




x2 








5.8^ 


5, MS 




.88 




31,11 


2.63 


15.i»8 


40,71 




6.92 




239.63 


2.63 


23,34 


6ir38 




6.92 




5Mit,76 


3.it9 


21.08 


73.57 




12.18 




4t»4,37 


s.og 


21.80 


110.96 




25.91 




475,24 


5.20 


27,20 


141. U4 




27, Oil 




739.84 


5.77 


ai.Mo 


181.18 




33.29 




985.96 


S.23 


29, 71* 


155. 5H 




27.35 




S3'*. 47 


3.20 


15.70 


54,9M 




10.82 




278.89 


3.HS 


13,73 


47.37 




11.90 




M8,51 


3,66 


18.22 


66.69 




13,40 




331,87 


S.20 


29.65 


154.18 




27.04 




879,12 


t.Sl 


31.25 


WO. 94 




20,34 




976,56 


2,57 




58.18 




S.60 




S12.S7 


^ 53.66 


t y n308,07 ECjqr) 


=1292.57 




S230.59 




=7513.00 



X s 3.83 y s 22.01 
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RegyessienL equation t 



substituting 



111. « 1292,87 ^tlj* as * S0t,O? 
lit * 230.59 « C53,66)^ 



= 22, OX - »».U9 • 3.83 g U,81 



therefore 

fasting t^e fcgreBBion 

I = 0 (not meaningful) 
s Bj^ ^ 0 tmeanliigful) 
Cfot» confidence interval of ,95) 
Reject if It| > 2.1788 (t^j, .023) 
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Appendix 3. (Continued) 



s,_„ - s 



^ / C2Cy^) - ny^} - (SCxy) - 



x*y x*y J n - 2 



/( 7S13.0 - lit * 22.01^) - '4.i»9(1292 .57) IM ' 3.83 ' 22.01) 

' 12 



/ 



* /fsTTF" "■ Reject H^, 

Tasting the str.ftngth of tha liM&r pagrasaion maing the 
Pearson Coeffieient of Cor»relation Cr) 



* nS<xy) * Sx ^ Zy 



; , , l** V 12923 7 - 30e«07 « S3, 66 

tilt * 230. S9 - C53.66)2][li4 •'7513 - {308,07)^] 



" 1893. 29 " 



9 

CoeffiGiant of detaraixnatioii (v ) > 
100 • 

100 • <.83)^ s 68,32% 

■ . ■ 18 
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APPENDIX 2 



RegrassiOTi 


1 AnalysiB 


for Directlonal-Loca- 
and Room use 


tional 


QueBtions 




Rocra 
V 

' — 1 








2iS6 




15. S3 


7.08 


31,11 




15. MB 


63.78 


15,9? 


239.63 


5,80 


23.31* 


135^. 3'f 


33.64 


hm»n 




21,08 




45.1*3 


4W,37 




21,80 


165.61 


5f,76 


475,2^ 


8.06 


27,20 


219.23 


6it.96 


739, 8i» 






235.19 


56.10 


985,96 


7.09 


29.?'+ 


210,86 


50.27 




6.M9 


16,70 


108.38 


42,12 


278.89 


t».32 


13.73 


59.31 


18.66 


188,51 


5. 56 


18.22 


101,30 


30.91 


331.97 


6.83 
5.56 


29.65 
31.25 


202.51 
173,75 


46.65 

80.91.. 


879.12 
976.56 


4,61 


22. 6H 


10«*,3i7 


21.25 


512.57 



&t m 82,92 • Xy ^ 308.07 S<3Qr) = 1937.34 £Cx^) S22.71 Uyh - 7513.00 
X - 5.92 y ^ 22.01 . 
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Appendix 2 CCentinued) 



®x-y ^ x-y "/ —-J 



nsis - jt^ - 22.01) - a.sni9^'/.a^ - 1^ * a.aa * 22.01? 
" " 12 !" 



= 23. 81- 



+ - = i».6U .% Reject H. 

^ 23.81 

Testing the strength of the linear regression using the 
Pearson Coefficient of Correlation (r). 

_ nS<xv) ■■ Sx ' Sy W *, 

lU • 19S7.34 - 8 2,93 « 30S.07 s .7H 

m i " 



•^Cm • 522.71 — (82,93)^3Cl«+ * 7513 - (308.07) 3 ^ 



2 

Coeffielent of determination <r ) 



100 • r^ 



100 • (.74)^ ^ 5U,76% 



